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The features of the MgB2 compound are a higher 
critical temperature (Tc) of 39 K, simple binary chemical 
composition, lower specific gravity and relatively low cost 
material. We thought that MgB2 compound will be 
desirable as one of the candidate materials of “low 
activation superconducting magnet” for a fusion reactor 
operated near D-T core plasma. The merits of applying to 
MgB2 superconducting wire in an advanced nuclear fusion 
power plant system are lower induced radioactivity and 
higher efficiency of the cryogenic system due to the higher 
critical temperature (Tc) property. In the fusion reactor, the 
Poloidal field (PF) and feedback coils require a larger coil 
radius to correct the position of the plasma. These MgB2 
coils contributed stable operation core D-T plasma due to 
the lowering of heat load by the nuclear heat generation. 
We already found the Cu addition using Mg2Cu compound 
in the MgB2 phase was effective to improve Jc without 
lowering Tc property, and Jc property of MgB2 wire via low 
temperature diffusion was drastically improved under the 
low magnetic field region. 
On the other hands, the natural boron powder as the 
source material has two kinds of isotopes which are boron-
10 (10B) and boron-11 (11B). The natural isotope abundance 
of boron is mainly 20 wt% of 10B and 80 wt% of 11B. The 
10B pellets are used to neutron absorption material of 
nuclear fission reactor because it has large nuclear reaction 
cross-section. 11B isotope is stable against the neutron 
irradiation without nuclear transformation. We thought that 
in-situ PIT process using 11B isotope powder as the boron 
source material was suitable to enhance radio-activity of 
the MgB2 superconducting wire for fusion application. We 
tried to fabricate in-situ PIT processed Cu addition MgB2
multifilamentary wire using the 11B isotope powder as the 
boron source material. Superconductivity of Cu addition 
MgB2 wire was investigated.  
Precursor mixture powders were made by metal Mg 
powder, Mg2Cu compound and 11B isotope powder 
(@Cambridge Isotope Laboratories, Inc.). The precursor 
mixture powders were tightly packed into metal Ta tubes. 
Wire drawing was carried out using grooved-roller and 
cassette-roller dies, and the precursor wires finally had a 
diameter of about 2.00 mm. The prepared mono-cored wire 
was cut to short piece wires, and they were stacked into 
metal Cu tube. The number of stacked mono-cored wires 
was 19 pieces. This stacked composite was wire drawn to a 
final diameter of 1.04 mm. Typical SEM image of cross-
sectional area in MgB2/Ta/Cu filamentary wire via PIT 
process using 11B isotope powder is shown in fig.1. Sample 
wires were heat treated using “Low temperature diffusion 
process” which is various lower temperatures (450-550)
during 200 hours in an Ar atmosphere. After heat treatment, 
Tc value was estimated from magnetization measurement 
with a Quantum Design SQUID magnetometer. 
Typical magnetization (M)-temperature (T) curves 
by zero-field cooling method as a function of sintering 
temperature in MgB2 wires using 11B isotope powder is 
shown in fig.2. Tc value was defined by the onset of the 
transition on M-T curve. Tc value was obviously increased 
by the elevating of heat treatment temperature; 29.5 K, 
36.9 K, 37.8 K, 38.0 K and 38.0 K for 450, 475,
500, 525 and 550, respectively. This was suggested 
that high Tc MgB2 phase via PIT method using 11B isotope 
powder promoted to form at the heat treatment above 
500. Tc value of Cu addition MgB2 wire made by natural 
B powder was obtained to about 37 K. We found that 
MgB2 phase formed by 11B isotope powder had higher Tc
property. 
Fig.1  Typical SEM image of cross-sectional area in Cu 
addition MgB2/Ta/ Cu 19 filament wire using 11B
isotope powder as the boron source material 
Fig.2 M-T curves by zero-field cooling method as a 
function of sintering temperature in MgB2 wires 
using 11B isotope powder
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Heat transfer to liquid helium has been studied for the 
stability analysis of pool boiling superconducting magnets. 
Some applications, for example, the Large Helical Device 
(LHD) in the National Institute for Fusion Science (NIFS), 
etc, their conductors were wound with angular variation 
because of their complicated configurations. Heat transfer 
performance from a conductor surface is important to 
realize a stable superconducting magnet.1) To date, the 
surface orientation dependence of liquid helium (LHe) heat 
transfer has been studied.2-4) Small discrepancy exists 
among the measurements because of variations of their 
experimental conditions. We have also studied the 
dependence of LHe heat transfer on surface orientation for 
LHD construction.5,6) Useful information for the stability 
analysis of helical coils was provided. However there were 
discrepancy between our measurement and others, too. In 
this study, it is confirmed whether our experimental results 
follow the equation based on two-phase boundary layer 
treatment of free convection film boiling.7) 
For heat transfer measurements in LHe under 
atmospheric pressure, a polished copper surface was 
employed. Its details were described in reference 6, and 
therefore, just a brief explanation on the experiment is done 
in this paper. Fig. 1 shows the sample with the mechanism 
changing the surface orientation to simulate the angular 
variation of a superconductor. The heat transfer surface was 
18 mm in width and 76 mm in length. It was covered by a 
Glass Fiber Reinforced Plastic (GFRP) holder except for the 
heat transfer surface. The surface temperature was measured 
by AuFe-Chromel thermocouples attached in a 1 mm depth 
from the surface. The orientation was varied from a 
horizontal (upward), 0º via vertical, 90º to downward, 180º 
surface. 
Film boiling heat transfer coefficient was discussed 
based on two-phase boundary layer treatment.8) Heat 
transfer coefficient, h(θ) was proposed to express the 
equation 7): 
 
θθ 41sin)90()( hh = .     (1) 
 
Our experimental data of h(θ) with the temperature 
difference of 1.5 K are compared to those by the equation as 
shown in Fig. 2 and are consistent with the theory. As 
described in reference 8, around the angle close to the 
horizontal surface, experimental results do not follow the 
equation. 
 
 
 
 
 
 
 
1) Imagawa, S. et al.: IEEE Trans. Appl. Supercond. 11 
(2001) 1889. 
2) Chandratilleke, G. R. et al.: Cryogenics 29 (1989) 588. 
3) Chen, Z. et al.: Adv. Cryog. Eng. 31 (1986) 431. 
4) Lyon, D. N.: Adv. Cryog. Eng. 10 (1965) 371. 
5) Iwamoto, A. et al.: Adv. Cryog. Eng. 41 (1996) 217. 
6) Iwamoto, A. et al.: Cryogenics 34 Suppl. 1 (1994) 321. 
7) Nishio, S. et al.: Trans. Jpn Soc. Mech. Eng. B54 (1988) 
1104. 
8) Nishikawa, K. et al.: Int, J. Heat Mass Transfer 9 (1966), 
103. 
 
 
Fig. 2. Dependence of film boiling heat transfer 
coefficient on surface orientation. 
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Fig. 1. Sample with the mechanism changing the 
surface orientation. 
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